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Description 



FIELD OF THE INVENTION AND RELATED ART 
STATEMENT 

1 . FIELD OF THE INVENTION 

The present invention relates to a method of driving 
a display device for a gray scale expression. For exam- 
ple, this may be used for image display on a TV, or an 
advertisement display board, etc. The invention also re- 
lates to a driving circuit for a display device. 

2. DESCRIPTION OF THE RELATED ART 



10 



15 



A conventional general driving method of sequen- 
tially displaying plural sub-fields in a field period has 
been widely used up to now as a driving method for a 
gray scale expression in a display device such as PDP 
(plasma display panel), LCD (liquid crystal display) and 20 
EL (electroluminescence) display device. For example, 
N pieces of sub-fields having emission luminance val- 
ues proportional to 2°, 2 1 , .. . , and 2 N_1 , respectively, are 
displayed selectively and sequentially in the field period 
of 1/60 second. Thereby, it is possible to perform a gray 25 
scale expression having 2 N gray scales every 1/60 sec- 
ond. This driving method will be explained more specif- 
ically taking an AC-type PDP as an example. 

FIG. 32 is a wiring diagram showing an electrode 
arrangement for an AC-type PDP. As shown in FIG. 32, 30 
the electrode arrangement for the AC-type PDP is 
formed in a matrix. In a direction of column, there are 
provided M columns of data electrodes DA A to DA M . In 
a direction of line, there are provided N lines of scanning 
electrodes SC^ to SCN N and N lines of sustaining elec- 35 
trodes SUS 1 to SUS N . In other words, the AC-type PDP 
has discharge cells of M x N dots arranged in a matrix 
having M columns and N lines. 

Another conventional general driving method for 
displaying in this AC-type PDP will be elucidated with 40 
reference to FIG. 33. 

FIG. 33 is a time chart showing timings of voltage 
pulses applied to the respective electrodes in the AC- 
type PDP. 

As shown in FIG. 33, in a writing period, a positive •*$ 
writing pulse voltage +Vw [V] is applied to certain ones 
of the data electrodes DA } to DA M which correspond to 
the discharge cells to be lit for display. At the same time, 
a negative scanning pulse voltage -Vs [V] is applied to 
the first scanning electrode SCN V Thereby, a writing so 
discharge occurs at respective intersections between 
the above-mentioned certain ones of the data elec- 
trodes DA 1 to DA M and the first scanning electrode 
SCN V 

Successively, the positive writing pulse voltage +Vw 55 
[V] is applied to certain ones of the data electrodes DA 1 
to DA M which correspond to the discharge cells to be lit 
for the display. At the same time, the negative scanning 



pulse voltage -Vs [V] is applied to the second scanning 
electrode SCN 2 . Thereby, the writing discharge occurs 
at the respective intersections between the above-men- 
tioned certain ones of the data electrodes DAj to DA M 
and the second scanning electrode SCN 2 . Operations 
similar to that described above are conducted in suc- 
cession. In the end, the positive writing pulse voltage 
+Vw [V] is applied to certain ones of data electrodes DA 1 
to DA M which correspond to the discharge cells to be lit 
for the display. At the same time, the negative scanning 
pulse voltage -Vs [V] is applied to the N-th scanning 
electrode SCN N . Thereby, the writing discharge occurs 
at the respective intersections between the above-men- 
tioned certain ones of the data electrodes DA^ to DA M 
and the N-th scanning electrode SCN N . 

Subsequently, in a sustaining period, all the sustain- 
ing electrodes SUSj to SUS N and all the scanning elec- 
trodes SCN 1 to SCN N are alternately supplied with the 
negative sustaining pulse voltage -Vs [V]. Thereby, a 
sustaining discharge occurs at the discharge cells cor- 
responding to the discharge cells lit in the writing period. 
The sustaining discharge continues during the applica- 
tion of the sustaining pulse voltage. Emission due to the 
sustaining discharge is used to display images or the 
like. 

Subsequently, in an erasing period, all the sustain- 
ing electrodes SUS A to SUS N are supplied with a neg- 
ative narrow erasing pulse voltage -Vs [V], so that the 
sustaining discharge is stopped by generation of an 
erasing discharge. 

By the above-mentioned operation, the image dis- 
play is performed on a screen of the AC-type PDP. The 
luminance of a display screen is proportional to the total 
time of the sustaining discharge, namely, the number of 
applying times of the sustaining pulse voltage. Accord- 
ingly, a displaying operation only offers display having 
a certain luminance value. Therefore, the displaying op- 
eration consisting of a sequence of the writing period, 
the sustaining period, and the erasing period shown in 
FIG. 33 is used as the displaying operation of a sub- 
field. Furthermore, the respective displaying operations 
in plural sub-fields having different luminance values are 
repeated sequentially, thereby the gray scale expres- 
sion is performed. 

A first conventional display device driving for the 
gray scale expression will be explained with reference 
to FIG. 34 and FIG. 35. 

FIG. 34 is an explanatory view showing an arrange- 
ment of plural sub-fields in a first conventional display 
device driving for the gray scale expression. FIG. 35 is 
a table showing a relation between luminance and the 
plural sub-fields of FIG. 34. 

As shown in FIG. 34, the field period (1/60 second) 
in TV display method is divided into eight sub-fields 
Sub1 , Sub2, and Sub8 with respect to time. In addi- 
tion, each of emission display in the eight sub-fields 
Subl , Sub2, .... and Sub8 is selectively performed in nu- 
merical order. Thereby, the gray scale expression hav- 
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ing the 2 s (= 256) gray scales every 1/60 second. Each 
of the eight sub-fields Sub1, Sub2, ... , and Sub8 con- 
sists of the sequence of the writing period, the sustaining 
period, and the erasing period shown in FIG. 33. 

As shown in FIG. 34, each of the sustaining period 
is set in the eight sub-fields Sub1 , Sub2, ... , and Sub8 
so that the display screens of the eight sub-fields Sub1 , 
Sub2, ... , and Sub8 obtain luminance values propor- 
tional to 2°, 2 1 , and 2 7 , respectively. Therefore, as 
shown in FJG. 35, the display screens of the eight sub- 
fields Sub1 , Sub2, ... , and Sub8 have luminance values 
of 2° x B, 2 1 x B, and 2 7 x B (cd/m 2 ), respectively. 
B (cd/m 2 ) represents a unit luminance. 

A concrete method of attaining the 256 gray scales 
in the first conventional display device driving is shown 
in FIG. 36. 

FIG. 36 is a table showing a concrete method of at- 
taining 256 gray scales in the first conventional display 
device driving for the gray scale expression. 

In FIG. 36, ON designates a sub-field which per- 
forms the displaying operation, and OFF designates a 
sub-field which does not perform the displaying opera- 
tion. 

As shown in FIG. 36, the display screen having the 
256 gray scales can be obtained by combining the ON 
and OFF states of the eight sub-fields Sub1 , Sub2, ... , 
and Sub8 in various patterns, wherein the 256 gray 
scales are in the range from a first gray scale (luminance 
O) caused by the OFF states of all sub-fields to 256-th 
gray scale (luminance 255 X B) caused by the ON 
states of all sub-fields. 

However, in this first conventional display device 
driving, when specific two gray scales (e.g., 128-th and 
129-th gray scales) are continuously used for the dis- 
play, there is a problem that flicker noise occurs on the 
display screen. 

The flicker noise in the first conventional display de- 
vice driving will be elucidated with reference to FIG. 37 
and FIG. 38. 

FIG. 37 is a diagram showing a timing of the display 
when 1 28-th gray scale (1 27 x B cd/m 2 ) and 1 27-th gray 
scale (126 x B cd/m 2 ) are alternately and repeatedly 
displayed every one field in the first conventional display 
device driving. FIG. 38 is a diagram showing a timing of 
the display when 1 29-th gray scale ( 1 28 x B cd/m 2 ) and 
the 128-th gray scale (127 x B cd/m 2 ) are alternately 
and repeatedly displayed every one field in the first con- 
ventional display device driving. 

In FIG. 37, the 128-th gray scale (127 x B cd/m 2 ) 
and 127-th gray scale (126 x B cd/m 2 ) are alternately 
and repeatedly displayed every one field (1/60 second). 
On the other hand, in FIG . 38, the 1 29-th gray scale (1 28 
x B cd/m 2 ) and the 128-th gray scale (127 X B cd/m 2 ) 
are alternately and repeatedly displayed every one field 
(1/60 second). 

However, as shown in FIG. 38, in two continuous 
fields, the display of the sub-field having the 1 29-th gray 
scale (1 28 x B cd/m 2 ) and the display of the subsequent 



sub-field having the 128-th gray scale (127 x B cd/m 2 ) 
are continuous with respect to time. Therefore, these lu- 
minance values of above-mentioned two displays are 
added, and it is appeared that the 256-th gray scale (255 

5 x B cd/m 2 ) is repeatedly displayed every two fields 
(1/30 second). As a result, undesirable flicker noise is 
observed on the display screen, thereby causing a se- 
rious problem in the gray scale expression. 

Furthermore, in the display of moving images, in the 

10 case that the 1 29-th gray scale ( 1 28 x B cd/m 2 ) and the 
128-th gray scale (127 X Bcd/m 2 ) are displayed by the 
discharge cells or small groups of the discharge cells 
adjacent to each other, the 129-th gray scale (128 x B 
cd/m 2 ) and the 128-th gray scale (127 X B cd/m 2 ) 

is should be alternately and repeatedly displayed at every 
the discharge cells or at every the small groups in ac- 
cordance with the moving images. 

However, as has been explained in the above, the 
256-th gray scale (255 X B cd/m 2 ) is repeatedly dis- 

20 played every the two fields (1/30 second). As a result, 
the undesirable flicker noise is observed on a part of the 
display screen, thereby causing significant decay of im- 
age quality. 

A second conventional display device driving for the 

25 gray scale expression will be explained with reference 
to FIG. 39 and FIG. 40. 

FIG. 39 is an explanatory view showing an arrange- 
ment of plural sub-fields in a second conventional dis- 
play device driving for the gray scale expression. FIG. 

30 40 is a table showing a relation between luminance and 
the plural sub-fields of FIG. 39. 

As shown in FIG. 39, the field period (1/60 second) 
in TV display method is divided into ten sub-fjelds 
Sub7b, Sub8b, Sub1 , Sub2, ... , Sub7a, and Sub8a with 

35 respect to time. In addition, each of emission display in 
the ten sub-fields Sub7b, Sub8b, Sub1, Sub2„.,. , 
Sub7a, and Sub8a is selectively performed in that order. 
Thereby, the gray scale expression having the 2 8 (- 256) 
gray scales every 1/60 second. Each of the ten sub- 

40 fields Sub7b, Sub8b, Sub1, Sub2, ... , Sub7a, and 
Sub8a consists of the sequence of the writing period, 
the sustaining period, and the erasing period shown in 
FIG. 33. 

The second conventional display device driving for 
45 the gray scale expression differs from the first conven- 
tional display device driving for the gray scale expres- 
sion in the following two points (1) and (2). 

(1) The sub-fields Sub7 and Sub8 in the first con- 
50 ventional driving method are each divided into two 

sub-fields, that is, Sub7a and Sub7b, and Sub8a 
and Sub8b, respectively, in the second convention- 
al display device driving. 

(2) Sub-fields Sub7b and Sub8b are disposed at the 
55 front of the field. 

In this second conventional display device driving, 
each of the sustaining period is set in the six sub-fields 
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Sub 1 , Sub 2, .... and Sub 6 so that the display screens 
of the six sub-fields Sub 1 , Sub 2, .... and Sub 6 obtain 
luminance values proportional to 2°, 2 1 , .... and 2 s , re- 
spectively. In addition, each of the sustaining period is 
set in the rest of the four sub-fields Sub7a, Sub7b, 
Sub8a and Sub8b so that the display screens of the four 
sub-fields Sub7a, Sub7b, Sub8a and Sub8b obtain lu- 
minance values proportional to 1/2 X 2 6 , 1/2 x 2 6 , 1/2 
X 2 7 and 1/2 x 2 7 , respectively. 

Accordingly, as shown in FIG. 40, the display 
screens of the ten sub-fields Sub7b, Sub8b Sub7a, and 
Sub8a have the luminance values of (1/2) x 2 6 x B, 
(1/2) x 2 7 x B, .... (1/2) x 2 6 x B, and (1/2) x 2 7 x B 
(cd/m 2 ), respectively. 

A concrete method of attaining the 256 gray scales 
in the second conventional display device driving is 
shown in FIG. 41 . 

FIG. 41 is a table showing a concrete method of at- 
taining 256 gray scales in the second conventional dis- 
play device driving for the gray scale expression. 

In FIG. 41, ON designates a sub-field which per- 
forms the displaying operation, and OFF designates a 
sub-field which does not perform the displaying opera- 
tion. 

As shown in FIG. 41 , the display screen having the 
256 gray scales can be obtained by combining the ON 
and OFF states of the ten sub-fields Sub 7b, Sub 8b, 
Sub1 , Sub2, ... , Sub7a, and Sub8a in various patterns, 
wherein the 256 gray scales are in the range from a first 
gray scale (luminance 0) caused by the OFF states of 
all sub-fields to a 256-th gray scale (luminance 255 x 
B) caused by the ON states of all sub-fields. 

However, even in the second conventional display 
device driving, when specific two gray scales (e.g., the 
128-th and the 129-th gray scales) are continuously 
used for the display, there is a problem that flicker noise 
occurs on the display screen. 

The flicker noise in the second conventional display 
device driving will be elucidated with reference to FIG. 
42 and FIG. 43. 

FIG. 42 is a diagram showing a timing of the display 
when the 128-th gray scale (127 x B cd/m 2 ) and the 
127-th gray scale (126 X B cd/m 2 ) are alternately and 
repeatedly displayed every one field in the second con- 
ventional display device driving. FIG. 43 is a diagram 
showing a timing of the display when the 129-th gray 
scale (128 X B cd/m 2 ) and the 128-th gray scale (127 
x B cd/m 2 ) are alternately and repeatedly displayed 
every one field in the second conventional display de- 
vice driving. 

In FIG. 42, the 128-th gray scale (127 X B cd/m 2 ) 
divided into (1/2) x 64 X B (cd/m 2 ) and 95 X B (cd/m 2 ), 
and the 127-th gray scale (126 x B cd/m 2 ) divided into 
(1/2) x 64 x B (cd/m 2 ) and 94 x B (cd/m 2 ) are alter- 
nately and repeatedly displayed every one field (1/60 
second). On the other hand, in FIG. 43, the 129-th gray 
scale (128 X B cd/m 2 ) and the 128-th gray scale (127 
x B cd/m 2 ) should be alternately and repeatedly dis- 



played every one field (1/60 second). 

However, in the case of the display shown by FIG. 
43, it is impossible to perform the gray scale expression 
properly. This is the reason why the luminance of the 

5 display of the first half (1/2 x 1 28 x B cd/m 2 ) of the sub- 
field having the 129-th gray scale is lower than the lu- 
minance of the subsequent display. Therefore, the dis- 
play of the first half is independently repeated in every 
two fields (1/30 second). Furthermore, the display of the 

10 second half (1/2 X 1 28 x B cd/m 2 ) of the sub-field hav- 
ing the 129-th gray scale is continuously linked with the 
display of the first half (1/2 x 64 x B cd/m 2 ) of the sub- 
sequent sub-field having the 128-th gray scale with re- 
spect to time. Therefore, these luminance values of the 

'5 above-mentioned two displays are added, thereby 
causing a high luminance value of 96 x B (cd/m 2 ). More- 
over, the display of the second half (95 X B cd/m 2 ) of 
the sub-field having the 128-th gray scale value is per- 
formed slightly later. Therefore, a considerable part of 

20 the luminance value of the display of the second half (95 
x B cd/m 2 ) is added further to 96 X B (cd/m 2 ). As a 
result, a display having a high luminance value of close 
to 96 + 95 (= 1 91 ) x B cd/m 2 is repeated every two fields 
(1/30 second). 

25 Thus, the display in the second conventional dis- 
play device driving is slightly better than that of the first 
conventional display device driving. However, even in 
the second conventional display device driving, there is 
the problem that the flicker noise occurs on the display 

30 screen. Furthermore, in the display of the moving imag- 
es, the undesirable flicker noise is observed on a part 
of the display screen, thereby causing significant decay 
of image quality. 

A third conventional display device driving for the 

35 gray scale expression will be explained with reference 
to FIG. 44. 

FIG. 44 is an explanatory view showing an arrange- 
ment of plural sub-fields in a third conventional display 
device driving for the gray scale expression. 

-to As shown in FIG. 44, the field period (1/60 second) 
in TV display method is divided into sixteen subfields 
Subla, Sub2a, ... , Sub7a, Sub8a, Sublb, Sub2b, ... , 
Sub7b, and Sub8b with respect to time. In addition, each 
of emission display in the sixteen sub-fields Subla, 

is Sub2a, ... , Sub7a, Sub8a, Sublb, Sublb, ... , Sub7b, 
and Sub8b is selectively performed in that order. There- 
by, the gray scale expression having the 2 8 (=256) gray 
scales every 1/60 second. 

In the third conventional display device driving, lu- 

so minance values of the sub-fields Sub1 , Sub2a, ... , and 
Sub8a are equal to halves of those of the sub-fields 
Sub1, Sub2, ... , Sub8 of the first conventional display 
device driving, respectively. Similarly, luminance values 
of the sub-fields Sublb, Sub2b ... , Sub8b are equal to 

55 halves of those of the sub-fields Sub1, Sub2, ... , Sub8 
of the first conventional display device driving, respec- 
tively. 

However, even in the third conventional display de- 
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vice driving, when specific two gray scales (e.g., the 
128-th and the 129-th gray scales) are continuously 
used for the display, there is a problem that flicker noise 
occurs on the display screen. 

The flicker noise in the third conventional display 
device driving will be elucidated with reference to FIG. 
45 and FIG. 46. 

FIG. 45 is a diagram showing a timing of the display 
when the 128-th gray scale (127 x B cd/m 2 ) and the 
127-th gray scale (126 x B cd/m 2 ) are alternately and 
repeatedly displayed every one field in the third conven- 
tional display device driving. FIG. 46 is a diagram show- 
ing a timing of the display when the 129-th gray scale 
(128 X Bcd/m 2 ) and the 128-th gray scale (127 x Bed/ 
m 2 ) are alternately and repeatedly displayed every one 
field in the third conventional display device driving. 

In FIG. 45, the 128-th gray scale (127 X B cd/m 2 ) 
divided into a first half ( 1/2X127XB cd/m 2 ) and a sec- 
ond half (1/2 x 127 x B cd/m 2 ), and the 127-th gray 
scale (126 X B cd/m 2 ) divided intoa first half (1/2 x 126 
x B cd/m 2 ) and a second half ( 1 12 x 1 26 x B cd/m 2 ) are 
alternately and repeatedly performed every one field 
(1/60 second). On the other hand, in FIG. 46, the 129-th 
gray scale (128 X B cd/m 2 ) and the 128-th gray scale 
(127 X B cd/m 2 ) should be alternately and repeatedly 
displayed every one field (1/60 second). 

However, in the case of the display shown in FIG. 
46, it is impossible to perform the gray scale expression 
properly. This is the reason why luminance of the display 
of the first half (1/2 X 128 x B cd/m 2 ) of the sub-field 
having the 129-th gray scale and luminance of the dis- 
play of the second half (1/2 X 127 x B cd/m 2 ) of the 
sub-field having the 128-th gray scale are lower than 
that of the subsequent display. Therefore, these dis- 
plays are independently repeated every two fields (1/30 
second). Furthermore, the display of the second half 
(1/2 X 128 x Bcd/m 2 ) of the sub-field having the 129-th 
gray scale is continuously linked with the display of the 
first half (1/2 x 127 x Bcd/m 2 ) of the subsequent sub- 
field having the 128-th gray scale with respect to time. 
Therefore, these luminance values of the above-men- 
tioned two displays are added, thereby causing a high 
luminance of 1/2 x 255 X B (cd/m 2 ). As a result, a dis- 
play having a high luminance value of 1/2 x 255 X B 
(cd/m 2 ) is repeated every the two fields (1/30 second). 

Thus, the display in the third conventional display 
device driving is slightly better than that of the first con- 
ventional display device driving. However, even in the 
third conventional display device driving, there is the 
problem that the flicker noise occurs on the display 
screen. Furthermore, in the display of the moving imag- 
es, the undesirable flicker noise is observed on a part 
of the display screen, thereby causing significant decay 
of image quality. 

As has been explained in the above, in all the con- 
ventional display device drivings for the gray scale ex- 
pression, when specific two gray scales are continuous- 
ly used for the display, there is the problem that flicker 



noise occurs on the display screen. Thereby, it is impos- 
sible to increase the image quality 

SUMMARY OF THE INVENTION 

5 

It would be desirable to provide a display device 
driving for a gray scale expression that can solve the 
aforementioned problems. 

In one aspect, a display device driving for a gray 
10 scale expression in accordance with the present inven- 
tion comprises: 

step of dividing each one or more sub-fields having 
the highest luminance value and subsequent lumi- 
15 nance values in descending order among plural 

sub-fields into a plurality of sub-field parts from a 
sub-field, and 

step of disposing the plurality of sub-field parts in 
the field period separately. 

20 

In the display device driving for the gray scale ex- 
pression in accordance with the present invention, one 
or more the plural sub-fields having the highest lumi- 
nance value and subsequent luminance values among 

25 the plural sub-fields are divided into a plurality of the 
sub-field parts in descending order. Furthermore, the 
plurality of the sub-field parts are dispersedly disposed 
in the field period. Thereby, emission display having the 
highest luminance value is divided and displayed at a 

30 plurality of times in the field period. As a result, time in- 
terval of the emission display offers a condition equiva- 
lent to that obtained when the field period is substantially 
shortened, thereby obtaining image display having ac- 
curate gray scale with no flicker noise. 

35 in another aspect, the invention provides a driving 

circuit for a gray scale expression in a display device 
having a matrix-shaped electrode structure comprising: 

data writing means for generating writing discharge 

40 at required matrix positions, 

a sub-field control circuit for issuing sub-field sig- 
nals for specifying one of plural sub-fields, 
sustaining discharge means for generating sustain- 
ing discharge at said required matrix positions in ac- 

45 cordance with said sub-field signals, and 

erasing discharge means for generating erasing 
charge at said required matrix positions in accord- 
ance with said sub-fields signals, 
said sub-field control circuit discontinuously outputs 

50 said sub-field signal corresponding to each one or 

more sub-fields having the highest luminance value 
and subsequent luminance values in descending 
order among said plural sub-fields at plural times in 
a field period, and 

55 said sustaining discharge means outputs a sustain- 

ing pulse for said sustaining discharge at plural 
numbers divided number of said sustaining pulse 
corresponding to said each one or more sub-fields 
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by number of said plural times. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG.1 is an explanatory view showing an arrange- s 
ment of plural sub-fields in a display device driving for 
a gray scale expression in a first embodiment of the 
present invention. 

FIG. 2 is a table showing a relation between lumi- 
nance and the nine sub-fields of FIG. 1 . 10 

FIG. 3 is a table showing a concrete method of at- 
taining 256 gray scales in the first embodiment of the 
present invention. 

FIG 4. is a diagram showing a timing of the display 
when the 128-th gray scale (127 X B cd/m 2 ) and the is 
127-th gray scale (126 x B cd/m 2 ) are alternately and 
repeatedly displayed every one field in the first embod- 
iment of the present invention. 

FIG. 5 is a diagram showing a timing of the display 
when 129-th gray scale (128 X B cd/m 2 ) and the 1 28-th 20 
gray scale (127 x B cd/m 2 ) are alternately and repeat- 
edly displayed every one field in the first embodiment of 
the present invention. 

FIG. 6 is a circuit diagram showing a driving circuit 
of the first embodiment of the present invention. 25 

FIG. 7 is a table showing a relation among the sub- 
field, the sub-field signal, and number of the sustaining 
pulse in the first embodiment of the present invention. 

FIG. 8 is an explanatory view showing an arrange- 
ment of plural sub-fields in a display device driving for 30 
a gray scale expression in a second embodiment of the 
present invention. 

FIG. 9 is a table showing a relation between lumi- 
nance and the ten sub-fields of FIG. 8. 

FIG. 1 0 is a table showing a concrete method of at- 35 
taining 256 gray scales in the second embodiment of 
the present invention. 

FIG. 1 1 is a diagram showing a timing of the display 
when the 128-th gray scale (127 x B cd/m 2 ) and the 

127- th gray scale (1 26 x B cd/m 2 ) are alternately and 40 
repeatedly displayed every one field in the second em- 
bodiment of the present invention. 

FIG. 1 2 is a diagram showing a timing of the display 
when the 129-th gray scale (128 x B cd/m 2 ) and the 

128- th gray scale (1 27 x B cd/m 2 ) are alternately and 45 
repeatedly displayed every one field in the second em- 
bodiment of the present invention. 

FIG. 1 3 is a table showing a relation among the sub- 
field, the sub-field signal, and number of the sustaining 
pulse in the second embodiment of the present inven- so 
tion. 

FIG. 1 4 is an explanatory view showing an arrange- 
ment of plural sub-fields in a display device driving for 
a gray scale expression in a third embodiment of the 
present invention. 55 

FIG. 15 is a table showing a relation between lumi- 
nance and the eleven sub-fields of FIG. 14. 

FIG. 1 6 is a table showing a concrete method of at- 



taining 256 gray scales in the third embodiment of the 
present invention. 

FIG. 1 7 is a diagram showing a timing of the display 
when the 128-th gray scale (127 x B cd/m 2 ) and the 

127- th gray scale (126 X B cd/m 2 ) are alternately and 
repeatedly displayed every one field in the third embod- 
iment of the present invention. 

FIG. 1 8 is a diagram showing a timing of the display 
when the 129-th gray scale (128 x B cd/m 2 ) and the 

128- th gray scale (127 X B cd/m 2 ) are alternately and 
repeatedly displayed every one field in the third embod- 
iment of the present invention. 

FIG. 1 9 is a table showing a relation among the sub- 
field, the sub-field signal, and number of the sustaining 
pulse in the third embodiment of the present invention. 

FIG. 20 is an explanatory view showing an arrange- 
ment of plural sub-fields in a display device driving for 
a gray scale expression in a fourth embodiment of the 
present invention. 

FIG. 21 is a table showing a relation between lumi- 
nance and the twelve sub-fields of FIG. 20. 

FIG. 22 is a table showing a concrete method of at- 
taining 256 gray scales in the fourth embodiment of the 
present invention. 

FIG. 23 is a diagram showing a timing of the display 
when the 128-th gray scale (127 X B cd/m 2 ) and the 

127- th gray scale (126 x B cd/m 2 ) are alternately and 
repeatedly displayed every one field in the fourth em- 
bodiment of the present invention. 

FIG. 24 is a diagram showing a timing of the display 
when the 129-th gray scale (128 x B cd/m 2 ) and the 

128- th gray scale (127 X B cd/m 2 ) are alternately and 
repeatedly displayed every one field in the fourth em- 
bodiment of the present invention. 

FIG. 25 is a table showing a relation among the sub- 
field, the sub-field signal, and number of the sustaining 
pulse in the fourth embodiment of the present invention. 

FIG. 26 is an explanatory view showing an arrange- 
ment of plural sub-fields in a display device driving for 
a gray scale expression in a fifth embodiment of the 
present invention. 

FIG. 27 is a table showing a relation between lumi- 
nance and the twelve sub-fields of FIG. 26. 

FIG. 28 is a table showing a concrete method of at- 
taining 256 gray scales in the fifth embodiment of the 
present invention. 

FIG. 29 is a diagram showing a timing of the display 
when the 128-th gray scale (127 x B cd/m 2 ) and the 

127- th gray scale (126 x B cd/m 2 ) are alternately and 
repeatedly displayed every one field in the fifth embod- 
iment of the present invention. 

FIG. 30 is a diagram showing a timing of the display 
when the 129-th gray scale (128 X B cd/m 2 ) and the 

128- th gray scale (127 x B cd/m 2 ) are alternately and 
repeatedly displayed every one field in the fifth embod- 
iment of the present invention. 

FIG. 31 is a table showing a relation among the sub- 
field, the sub-field signal, and number of the sustaining 
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pulse in the fifth embodiment of the present invention. 

FIG. 32 is a wiring diagram showing an electrode 
arrangement for an AC-type PDP. 

FIG. 33 is a time chart showing timings of voltage 
pulses applied to the respective electrodes in the AC- s 
type PDP. 

FIG. 34 is an explanatory view showing an arrange- 
ment of plural sub-fields in a first conventional display 
device driving for the gray scale expression. 

FIG. 35 is a table showing a relation between lumi- io 
nance and the plural sub-fields of FIG. 34. 

FIG. 36 is a table showing a concrete method of at- 
taining 256 gray scales in the first conventional display 
device driving for the gray scale expression. 

FIG. 37 is a diagram showing a timing of the display is 
when 1 28-th gray scale (127 X B cd/m 2 ) and 1 27-th gray 
scale (126 x B cd/m 2 ) are alternately and repeatedly 
displayed every one field in the first conventional display 
device driving. 

FIG. 38 is a diagram showing a timing of the display 20 
when 129-th gray scale (128 x B cd/m 2 ) and the 128-th 
gray scale (127 x B cd/m 2 ) are alternately and repeat- 
edly displayed every one field in the first conventional 
display device driving. 

FIG. 39 is an explanatory view showing an arrange- 25 
ment of plural sub-fields in a second conventional dis- 
play device driving for the gray scale expression. 

FIG. 40 is a table showing a relation between lumi- 
nance and the plural sub-fields of FIG. 39. 

FIG. 41 is a table showing a concrete method of at- 30 
taining 256 gray scales in the second conventional dis- 
play device driving for the gray scale expression. 

FIG. 42 is a diagram showing a timing of the display 
when the 128-th gray scale (127 X B cd/m 2 ) and the 

127- th gray scale (126 X B cd/m 2 )are alternately and 35 
repeatedly displayed every one field in the second con- 
ventional display device driving. 

FIG. 43 is a diagram showing a timing of the display 
when the 129-th gray scale (128 X B cd/m 2 ) and the 

128- th gray scale (1 27 X B cd/m 2 ) are alternately and *o 
repeatedly displayed every one field in the second con- 
ventional display device driving. 

FIG. 44 is an explanatory view showing an arrange- 
ment of plural sub-fields in a third conventional display 
device driving for the gray scale expression. 45 

FIG. 45 is a diagram showing a timing of the display 
when the 128-th gray scale (127 x B cd/m 2 ) and the 

127- th gray scale (126 X B cd/m 2 ) are alternately and 
repeatedly displayed every one field in the third conven- 
tional display device driving. so 

FIG. 46 is a diagram showing a timing of the display 
when the 129-th gray scale (128 x B cd/m 2 ) and the 

128- th gray scale (127 x B cd/m 2 ) are alternately and 
repeatedly displayed every one field in the third conven- 
tional display device driving. ss 
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DESCRIPTION OF THE PREFERRED EMBODIMENT 

Hereafter, preferred embodiments of the present in- 
vention are described with reference to the accompany- 
ing drawings. 

<Embodiment 1> 

FIG. 1 is an explanatory view showing an arrange- 
ment of plural sub-fields in a display device driving for 
a gray scale expression in a first embodiment of the 
present invention. 

As shown in FIG. 1, a field period (1/60 second) of 
the TV display method is divided into nine sub-fields 
Sub5, Sub6, Sub8a, Sub7, Sub8b, Sub1, .... and Sub4 
with respect to time. Furthermore, each of emission dis- 
play in the nine sub-fields Sub5, Sub6, Sub8a, Sub7, 
Sub8b, Sub1 ; and Sub4 is selectively performed in that 
order. Thereby, the gray scale expression having 2 8 (= 
256) gray scales is performed every 1/60 second. Each 
of the nine sub-fields SubS, Sub6 5 Sub8a, Sub7, Sub8b, 
Sub1 , and Sub4 consists of the sequence of a writing 
period, a sustaining period, and an erasing period 
shown in FIG. 33. 

The driving method of the first embodiment is char- 
acterized by the following two points (1 ) and (2):„ & 

(1) The sub-field Sub8 having the highest lumi- 
nance value in the field in the conventional driving 
method shown by FIG. 34 is divided into the two 

sub-fields Sub8a and Sub8b, which are disposed ; 
apart from each other. 

(2) These two sub-fields Sub8a and Sub8b ar t e dts- • • ^ 
posed before and after the sub-field Sub7, and the 

sub-field Sub 5 is disposed as the first sub-field. 

FIG. 2 is a table showing a relation between- lumi- 
nance and the nine sub-fields of FIG. 1 . ~ j$ 

In FIG. 2, each of the sustaining period is set in the 
nine sub-fields Sub5, Sub6, and Sub4 so that their 
display screens have luminance values obtained by 
multiplying the values shown in the luminance column 
of FIG. 2 by a unit luminance B (cd/m 2 ). The luminance 
values of the sub-fields Sub8a and Sub8b are each set 
at (1/2) X 2 7 . 

A concrete method of attaining the 256 gray scales 
in the first embodiment is shown in FIG. 3. 

FIG. 3 is a table showing a concrete method of at- 
taining 256 gray scales in the first embodiment of the 
present invention. 

In FIG. 3, ON designates a sub-field which performs 
the displaying operation, and OFF designates a sub- 
field which does not perform the displaying operation. 

As shown in FIG. 3, the display screen having the 
256 gray scales can be obtained by combining the ON 
and OFF states of the nine sub-fields Sub5, Sub6, 
Sub8a, Sub7, Sub8b, Sub1 , .... and Sub4 in various pat- 
terns, wherein the 256 gray scales are in the range from 
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a first gray scale (luminance 0) caused by the OFF 
states of all sub-fields to 256-th gray scale (luminance 
255 x B) caused by the ON states of all sub-fields. 

In FIG. 3, the sub-fields Sub8a and Sub8b perform 
the same display operations so as to display the same 
display contents. Furthermore, the luminance values of 
the nine sub-fields Sub1, Sub2, Sub7, Sub8a and 
Sub8bareset at 2° x B, 2 1 x B, ... 2 6 x B, 1/2 x 2 7 X 
B and 1/2 x 2 7 x B (cd/m 2 ), respectively. The total of 
the luminance values at each gray scale is shown in lu- 
minance column. In FIG. 3, the total of the luminance 
values of the sub-fields Sub8a and Sub8b is 2 7 x B (cd/ 
m 2 ), and this value is the same as that of the sub-field 
Sub8 (FIG. 34) in the conventional driving method. 

The following description offers an explanation of 
the gray scale expression in continuous fields using in 
the actual image display of TV or the like. 

FIG. 4 and FIG. 5 are diagrams showing a timing of 
the displays when the image display are continuously 
performed by the driving method of the first embodiment 
so that luminance of the display screen changes by only 
one gray scale every the field. FIG. 4 is a diagram show- 
ing a timing of the display when 128-th gray scale (127 
X B cd/m 2 ) and 127-th gray scale (126 X B cd/m 2 ) are 
alternately and repeatedly displayed every the field in 
the first embodiment of the present invention. FIG. 5 is 
a diagram showing a timing of the display when 129-th 
gray scale (128 X B cd/m 2 ) and the 128-th gray scale 
(127 x B cd/m 2 ) are alternately and repeatedly dis- 
played every the field in the first embodiment of the 
present invention. 

As shown in FIG. 4, the 1 27-th gray scale (1 26 x B 
cd/m 2 ) is divided and displayed into a first portion (48 x 
B cd/m 2 in total) disposed at a front end part of the field, 
a second portion (64 X B cd/m 2 ) disposed at the center 
part of the field, and a third portion (14 X B cd/m 2 in 
total) disposed at a rear end part of the field. As shown 
in FIG. 4 and FIG. 5, the 128-th gray scale (127 x Bed/ 
m 2 ) is divided and displayed into a fourth portion (48 x 
B cd/m 2 in total) disposed at the front end part of the 
field, a fifth portion (64 x B cd/m 2 ) disposed at the center 
part of the field, and a sixth portion (15 x B cd/m 2 in 
total) disposed at the rear end part of the field. 

As shown in FIG. 5, the 1 29-th gray scale (1 28 x B 
cd/m 2 ) is divided into a first half portion (64 X B cd/m 2 ), 
and a second half portion (64 X B cd/m 2 ). These first 
and second half portions are discontinuously displayed 
with each other. 

In FIG. 4, when the 127-th gray scale (126 x B cd/ 
m 2 ) and the 128-th gray scale (127 X B cd/m 2 ) are al- 
ternately and repeatedly displayed every one field (1/60 
second) in the continuous fields, the sixth portion (15 x 
B cd/m 2 ) is added to the first portion (48 X B cd/m 2 ). 
Thereby, the sixth portion (15 X B cd/m 2 ) and the first 
portion (48 X B cd/m 2 ) are displayed as a seventh por- 
tion (63 = 15 + 48 B cd/m 2 ). Furthermore, the third por- 
tion (14 X Bcd/m 2 ) is added to the fourth portion (48 X 
B cd/m 2 ). Thereby, the third portion (14 xB cd/m 2 ) and 



the fourth portion (48 X B cd/m 2 ) are displayed as an 
eighth portion (62 = 14 + 48 B cd/m 2 ). 

As a result, in the case that the 127-th gray scale 
and the 128-th gray scale are alternately and repeated 
5 displayed every one field, the seventh, the second, the 
eighth, and the fifth portions are displayed in that order. 

On the other hand, in FIG. 5, the 129-th gray scale 
(128 x B cd/m 2 ) is divided and displayed into the first 
half and the second half portions (64 x B cd/m 2 ). This 

io condition is equivalent to the condition wherein a field 
period is shortened to 1/2 of 1/60 second. Furthermore, 
the 128-th gray scale (127 X B cd/m 2 ) is divided and 
displayed into the fourth portion (48 x Bcd/m 2 ), the fifth 
portion (64 X B cd/m 2 ), and the sixth portion (15 X B 

15 cd/m 2 ). This condition is equivalent to the condition 
wherein a field period is shortened to 1 /3 of 1 /60 second. 

As a result, time interval in which the luminance 
changes is shortened. The change of luminance ap- 
pears to be averaged on the display screen, since the 

20 human eyes have slow response speed. Thereby, ac- 
curate gray scale expression can be attained without 
causing flicker noise. 

This accurate gray scale expression without the 
flicker noise can be attained because of the following 

25 configurational reasons. The sub-field Sub8 having the 
highest luminance is divided into two parts of the sub- 
fields Sub8a and the Sub8b. In addition, these parts of 
the sub-fields Sub8a and the Sub8b are separately or 
dispersedly disposed in the center part of the field peri- 

30 od. Thereby, the displays of the sub-fields are nearly 
evenly dispersed in continuous fields. 

In the explanation of the above-mentioned example 
wherein an AC-type PDP is taken as an example, the 
sub-field Sub8 having the highest luminance value is di- 
ss vided into two parts of the sub-fields Sub8a and the 
Sub8b. Furthermore, the sub-field Sub5 is disposed first 
position in the field period in order to separately dispose 
the two parts of the sub-fields Sub8a and the Sub8b in 
the center part of the field period. However the config- 

40 uration of the field period can be applied to other display 
device. That is, in the case of a display device having 
only one emission displaying period corresponded to 
the sustaining period, the same effect can be obtained 
by dividing the sub-field having the highest luminance 

4$ value, and by separately disposing these divided parts 
in the center part of the field period. 

Furthermore, the luminance values of the sub-fields 
Sub8a and Sub8b are set to have the same value, 
namely, (1/2) x 2 7 x B (cd/m 2 ) in the case of the above- 

50 mentioned example. However, it is not always neces- 
sary to equally divide the luminance. That is, it is pass- 
able that the total of the luminance values of the sub- 
fields Sub8a and Sub8b is 2 7 x B (cd/m 2 ). 

Moreover, apart from the aforementioned explana- 

55 tion, wherein the sub-field Sub8 is divided into two sub- 
fields of the Sub8a and the Sub8b, an alternative con- 
struction may be such that the sub-field Sub8 can also 
be divided into three or more sub-field parts. 
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FIG. 6 is a circuit diagram showing a driving circuit 
of the first embodiment of the present invention. 

In FIG. 6, a clock signal and a synchronization sig- 
nal are supplied to a latch clock generating circuit 101 , 
a memory address control circuit 1 02, a converter circuit 
103 for PDP data, a scanning pulse generator 104, a 
sustaining pulse generator 105, and an erasing pulse 
generator 106. In a first and a second memories 108 
and 109, writing addresses are designated by the mem- 
ory address control circuit 102. 

The converter circuit 103 converts a data input sig- 
nal, namely, an ordinary video signal, into data for a 
PDP. The converted data is written once in the first and 
the second memories 108 and 109. Data at an address 
corresponding to sub-field signals .SfO to Sf2 supplied 
from a sub-field control circuit 107 is output to a latch 
circuit 110. The latch circuit 110 latches the above-men- 
tioned data in accordance with a latch signal from the 
latch clock generating circuit 101, and outputs the data 
as a data output signal to the PDP. 

The scanning pulse generator 104, the sustaining 
pulse generator 105, and the erasing pulse generator 
106 generate the scanning pulse, the sustaining pulse, 
and the erasing pulse shown in FIG. 15, respectively. 
The generation start timing of the sustaining pulse is giv- 
en by a scanning pulse end signal from the scanning 
pulse generator 104. The generation timing of the eras- 
ing pulse is given by a sustaining pulse end signal from 
the sustaining pulse generator 105. In addition, the gen- 
eration timing of the next scanning pulse is given by an 
erasing pulse end signal from the erasing pulse gener- 
ator 106. Furthermore, the erasing pulse end signal is 
also supplied to the sub-field control circuit 107, so that 
the sub-field control circuit 1 07 outputs the sub-field sig- 
nals SfO to Sf2 corresponding to the next sub-field to 
the first and the second memories 108 and 109. 

FIG. 7 is a table showing a relation among the sub- 
field, the sub-field signal, and number of the sustaining 
pulse in the first embodiment of the present invention. 

As has been explained in the above, only the se- 
lected sub-fields are turned ON in a sequence of the 
nine sub-fields from Sub5 to Sub4. The sub-field signals 
SfO to Sf2 are three-bit signals, and are used to specify 
sub-fields as shown in FIG. 7. The sub-field control cir- 
cuit 107 outputs the sub-field signals SfO to Sf2 corre- 
sponding to the selected sub-fields at a predetermined 
timing in accordance with the ON/OFF combination 
(FIG. 3) of the sub-fields corresponding to a desired gray 
scale. 

In the first and the second memories 108 and 109, 
the data (corresponding to writing pulses) of the corre- 
sponding sub-field is stored at the address (e.g., ad- 
dress (1 00) in the case of the sub-field Sub5) designated 
by the sub-field signals SfO to Sf2. The stored data is 
thus delivered to the latch circuit 110. 

On the other hand, the sustaining pulse generator 
105 (FIG. 6) receives the sub-field signals SfO to Sf2, 
and outputs the sustaining pulse at the number of which 



corresponds to the sub-field signals SfO to Sf2 as shown 
in FIG. 7. Accordingly, the sustaining pulse of the re- 
quired number is output in order to display the sub-field 
specified by the sub-field signals SfO to Sf2, thereby of- 
5 fering the arrangement of the nine sub-fields shown in 
FIG. 1. 

<Embodiment 2> 

io FIG. 8 is an explanatory view showing an arrange- 
ment of plural sub-fields in a display device driving for 
a gray scale expression in a second embodiment of the 
present invention. 

In a second embodiment, the sub-field Sub8 in the 

15 conventional embodiment shown in FIG. 34 is divided 
into sub-fields Sub8a and Sub8b, and the sub-field Sub7 
shown in FIG. 34 is also divided into sub-fields Sub7a 
and Sub7b. These sub-fields of the Sub8a, Sub7a, 
Sub8b, and Sub7b are disposed separated in the order 

20 at the center part of the field period. Accordingly, ten 
sub-fields are formed in the field period of 1/60 second 
as a whole. 

FIG. 9 is a table showing a relation between lumi- 
nance and the ten sub-fields of FIG. 8. 

25 in FIG. 9, each of the sustaining period is set in the 
ten sub-fields Sub5, Sub6 : Sub4 so that their display 
screens have luminance values obtained by multiplying 
the values shown in the luminance column of FIG. 9 by 
the unit luminance B (cd/m 2 ). The luminance values of 

30 the sub-fields Sub7a and Sub7b are each set at (1/2) x 
2 6 xx B, and the total of the luminance values is 2 6 x 
B. In addition, the luminance values of the sub-fields 
Sub8a and Sub8b are each set at (1/2) x 2 7 x B, and 
the total of the luminance values is 2 7 x B. 

35 With this arrangement of the ten sub-fields, the 

emission display of the AC-type PDP is performed by 
controlling the sub-fields. More specifically, as shown in 
the table of FIG. 1 0, the AC-type PDP can have the 256 
gray scale expression ranging from the first gray scale 

40 to the 256-th gray scale by combining the ON and OFF 
states of the ten sub-fields Sub5, Sub6, Sub8a, Sub7a, 
Sub8b, Sub7b, Sub1 , Sub2 ; Sub3, and Sub4. The sub- 
fields Sub7a and Sub7b perform the same display op- 
erations so as to display the same content. Furthermore, 

-*s the sub-fields Sub8a and Sub8b also perform the same 
display operations so as to display the same content. In 
FIG. 10, the luminance values of the ten sub-fields 
Sub1, Sub2, .... Sub6, Sub7a, Sub7b, Sub8a, and 
Sub8b are set at 2° x B, 2 1 x B, .... 2 5 x B, 1/2 X 2 6 X 

50 B, 1/2 X 2 6 x B, 1/2 x 2 7 X B, and 1/2 X 2 7 B (cd/m 2 ), 
respectively. 

The following description offers an explanation of 
the gray scale expression in the continuous fields using 
in the actual image display of TV or the like. 
55 FIG 11 and FIG. 1 2 are diagrams showing a timing 

of the displays when the image display are continuously 
performed by the driving method of the second embod- 
iment so that luminance of the display screen changes 
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by only one gray scale every one field. FIG. 11 is a dia- 
gram showing a timing of the display when the 128-th 
gray scale (127 x B cd/m 2 ) and the 127-th gray scale 
(126 x B cd/m 2 ) are alternately and repeatedly dis- 
played every one field in the second embodiment of the 
present invention. FIG. 1 2 is a diagram showing a timing 
of the display when the 129-th gray scale (128X Bed/ 
m 2 ) and the 128-th gray scale (127 x B cd/m 2 ) are al- 
ternately and repeatedly displayed every one field in the 
second embodiment of the present invention. 

As shown in FIG. 11, the 127-th gray scale (126 x 
B cd/m 2 ) is divided and displayed into a ninth portion 
(48 x B cd/m 2 in total) disposed at the front end part of 
the field, a tenth portion (1/2 X 64 X B cd/m 2 ) disposed 
at the center part of the field, and an 11-th portion (46 
x B cd/m 2 in total) disposed at the rear end part of the 
field. As shown in FIG. 11 and FIG. 12, the 128-th gray 
scale (127 x B cd/m 2 ) is divided and displayed into a 
1 2-th portion (48 x B cd/m 2 in total) disposed at the front 
end part of the field, a 13-th portion (1/2 x 64 X B cd/ 
m 2 ) disposed at the center part of the field, and a 14-th 
portion (47 x B cd/m 2 in total) disposed at the rear end 
part of the field. As shown in FIG. 12, the 129-th gray 
scale (128 x B cd/m 2 ) is divided and displayed into a 
15-th portion (1/2 x 128 x Bcd/m 2 ), and a 16-th portion 
(1/2 x 128 x B cd/m 2 ). 

In FIG. 11, when the 127-th gray scale (126 x Bed/ 
m 2 ) and the 128-th gray scale (127 X B cd/m 2 ) are al- 
ternately and repeatedly displayed every one field (1/60 
second) in the continuous fields, the 14-th portion (47 x 
B cd/m 2 ) is added to the ninth portion (48 x B cd/m 2 ). 
Thereby, the 14-th portion (47 x B cd/m 2 ) and the ninth 
portion (48 x B cd/m 2 ) are displayed as a 17-th portion 
(95 = 47 + 48 B cd/m 2 ). Furthermore, the 11-th portion 
(46 x B cd/m 2 ) is added to the 1 2-th portion (48 X B cd/ 
m 2 ). Thereby, the 11-th portion (46 XB cd/m 2 ) and the 
12-th portion (48 x B cd/m 2 ) are displayed as an 18-th 
portion (94 = 46 + 48 B cd/m 2 ). 

As a result, in the case that the 127-th gray scale 
and the 128-th gray scale are alternately and repeated 
displayed every one field, the 1 7-th, the tenth, the 1 8-th, 
and the 13-th portions are displayed in that order. 

On the other hand, in FIG. 1 2, the 1 29-th gray scale 
(1 28 x B cd/m 2 ) is divided and displayed into the 1 5-th 
and the 16-th portions (1/2 x 1 28 X Bcd/m 2 ). This con- 
dition is equivalent to the condition wherein a field period 
is shortened to 1/2 of 1/60 second. Furthermore, the 
128-th gray scale (127 X B cd/m 2 ) is divided and dis- 
played into the 12-th portion (48 x B cd/m 2 ), the 13-th 
portion (1/2 X 64 x B cd/m 2 ), and the 14-th portion (46 
X B cd/m 2 ). This condition is equivalent to the condition 
wherein a field period is shortened to 1 /3 of 1 /60 second. 

As a result, time interval in which the luminance 
changes is shortened. The change of luminance ap- 
pears to be averaged on the display screen, since the 
human eyes have slow response speed. Thereby, ac- 
curate gray scale expression can be attained without 
causing flicker noise. 



This accurate gray scale expression without the 
flicker noise can be attained because of the following 
configurational reasons. The sub-field Sub8 having the 
highest luminance value is divided into two parts of the 

5 sub-fields Sub8a and the Sub8b. Furthermore, the sub- 
field Sub7 having the second highest luminance value 
is divided into two parts of the sub-fields Sub7a and the 
Sub7b. In addition, these parts of the sub-fields Sub8a, 
Sub8b, Sub7a, and Sub7b are separately disposed in 

10 the center part of the field period. Thereby, the displays 
of the sub-fields are nearly evenly dispersed in contin- 
uous fields. 

In this second embodiment, a driving circuit for 
forming the field shown in FIG. 8 is the same of the first 
15 embodiment shown in FIG. 6. As shown in FIG. 1 3 there 
is difference from the first embodiment shown in FIG. 7 
that the sub-field Sub7 is divided into sub-fields Sub7a 
and Sub7b. 

In the above explanation of the second embodiment 

20 wherein the AC-type PDP is taken as an example, the 
sub-fields Sub8 having the highest luminance value is 
divided into two parts of the sub-fields Sub8a and the 
Sub8b. Furthermore, the sub-field Sub7 having the sec- 
ond highest luminance value is divided into two parts of 

25 the sub-fields Sub7aand the Sub7b. In addition, in order 
to dispose these parts of Sub8a, Sub8b, Sub7a, and 
Sub7b separately in the center part of the field period, 
the sub-field Sub5 is disposed at the first position in the 
field. However, the configuration of the field period can 

30 be applied to other display device. That is, in the case 
of the display device having only one emission display- 
ing period corresponded to the sustaining period, the 
same effect can be obtained by dividing the above-men- 
tioned arrangement of the ten sub-fields. 

35 Furthermore, in the above-mentioned embodiment, 
the luminance values of the sub-fields Sub8a and Sub8b 
are set at the same value of (1/2) x 2 7 x B (cd/m 2 ), and 
the luminance values of the sub-fields Sub7a and Sub7b 
are also set at the same value of (1/2) x 2 6 X B (cd/m 2 ). 

40 However, it is not always necessary to equally divide the 
respective luminance values of the Sub7 and the Sub8. 
In other words, it is only required that the total of the 
luminance values of the sub-fields Sub8a and Sub8b is 
2 7 x B (cd/m 2 ), and that the total of the luminance val- 

45 ues of the sub-fields Sub7a and Sub7b is 2 6 X B (cd/ 
m 2 ). 

Moreover, in the second embodiment, the sub- 
fields Sub7 and Sub8 are each divided into two sub- 
fields of the Sub7a, the Sub7b, and the Sub8a, the 
50 Sub8b, respectively. However, one or both of the sub- 
fields Sub7 and Sub8 can be divided into three or more 
sub-field parts. 

<Embodiment 3> 

55 

FIG. 14 is an explanatory view showing an arrange- 
ment of plural sub-fields in a display device driving for 
a gray scale expression in a third embodiment of the 
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present invention. 

In a third embodiment, the sub-field Sub8 in the con- 
ventional embodiment shown in FIG. 34 is divided into 
sub-fields Sub8a and Sub8b, and the sub-field Sub7 
shown in FIG. 34 is also divided into sub-fields Sub7a 
and Sub7b. Furthermore, the sub-field Sub6 in the con- 
ventional embodiment shown in FIG. 34 is divided into 
sub-fields Sub6a and Sub6b. These sub-fields of the 
Sub6a, Sub8a, Sub7a, Sub6b, Sub8b, and Sub7b are 
disposed in the order at the center part of the field peri- 
od. In. addition, eleven sub-fields of the Sub4, Sub5, 
Sub6a, Sub8a, Sub7a, Sub6b, Sub8b, Sub7b s Sub1, 
Sub2, and Sub3 are disposed in the order in the field 
period of 1/60 second as a whole. 

FIG. 15 is a table showing a relation between lumi- 
nance and the eleven sub-fields of FIG. 14. 

In FIG. 15, each of the sustaining period is set in 
the eleven sub-fields Sub4, Sub5, Sub3 so that their 
display screens have luminance values obtained by 
multiplying the values shown in the luminance column 
of FIG. 15 by the unit luminance B (cd/m 2 ). The lumi- 
nance values of the sub-fields Sub6a and Sub6b are 
each set at (1/2) x 2 5 x B, and the total of the luminance 
values is 2 5 x B. The luminance values of the sub-fields 
Sub7a and Sub7b are each set at (1/2) x 2 6 x B, and 
the total of the luminance values is 2 6 x B. In addition, 
the luminance values of the sub-fields Sub8a and Sub8b 
are each set at (1/2) x 2 7 X B, and the total of the lu- 
minance values is 2 7 x B. 

With this arrangement of the eleven sub-fields, the 
emission display of the AC-type PDP is performed by 
controlling the sub-fields. More specifically, as shown in 
the table of FIG. 16, the AC-type PDP can have the 256 
gray scale expression ranging from the first gray scale 
to the 256-th gray scale by combining the ON and OFF 
states of the eleven sub-fields Sub4 T Sub5, Sub6a, 
Sub8a, Sub7a, Sub6b t Sub8b, Sub7b : Sub1 : Sub2, and 
Sub3. The sub-fields Sub6a and Sub6b perform the 
same display operations so as to display the same con- 
tent. The sub-fields Sub7a and Sub7b perform the same 
display operations so as to display the same content. 
Furthermore, the sub-fields Sub8a and Sub8b also per- 
form the same display operations so as to display the 
same content. In FIG. 16, the luminance values of the 
eleven sub-fields Sub1, Sub2, .... Sub6a, Sub6b, 
Sub7a, Sub7b, Sub8a, and Sub8b are set at 2° x B, 2 1 
X B, .... 1/2 X 2 s X B, 1/2 X 2 5 X B, 1/2 X 2 6 X B, 1/2 
X 2 6 x B, 1/2 x 2 7 x B, and 1/2 x 2 7 B (cd/m 2 ), respec- 
tively. 

The following description offers an explanation of 
the gray scale expression in the continuous fields using 
in the actual image display of TV or the like. 

FIG. 17 and FIG. 18 are diagrams showing a timing 
of the displays when the image display are continuously 
performed by the driving method of the third embodi- 
ment so that luminance of the display screen changes 
by only one gray scale every one field. FIG. 17 is a dia- 
gram showing a timing of the display when the 128-th 
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gray scale (127 X B cd/m 2 ) and the 127-th gray scale 
(126 x B cd/m 2 ) are alternately and repeatedly dis- 
played every one field in the third embodiment of the 
present invention. FIG. 1 8 is a diagram showing a timing 

5 of the display when the 129-th gray scale (128 x B cd/ 
m 2 ) and the 128-th gray scale (127 x B cd/m 2 ) are al- 
ternately and repeatedly displayed every one field in the 
third embodiment of the present invention. 

As shown in FIG. 17, the 127-th gray scale (126 X 

10 B cd/m 2 ) is divided and displayed into a 19-th portion 
(40 x B cd/m 2 in total) disposed at the front end part of 
the field, a 20-th portion (48 x B cd/m 2 ) disposed at the 
center part of the field, and a 21-th portion (38 X B cd/ 
m 2 in total) disposed at the rear end part of the field. As 

is shown in FIG. 17 and FIG. 18, the 128-th gray scale (127 
X B cd/m 2 ) is divided and displayed into a 22-th portion 
(40 x B cd/m 2 in total) disposed at the front end part of 
the field, a 23-th portion (48 x B cd/m 2 ) disposed at the 
center part of the field, and a 24-th portion (39 x B cd/ 

20 rn 2 in total) disposed at the rear end part of the field. As 
shown in FIG. 18, the 129-th gray scale (128 X B cd/ 
m 2 ) is divided and displayed into the 15-th portion (1/2 
x 128 X B cd/m 2 ), and the 16-th portion (1/2 x 128 x 
B cd/m 2 ). 

25 in FIG. 17, when the 127-th grayscale (126 X Bed/ 
m 2 ) and the 128-th gray scale (127 x B cd/m 2 ) are al- 
ternately and repeatedly displayed every one field (.1/60 
second) in the continuous fields, the 24-th portion (39 x 
B cd/m 2 ) is added to the 19-th portion (40 x B cd/m 2 ). 

30 Thereby, the 24-th portion (39 x B cd/m 2 ) and the 1 9-th 
portion (40 x B cd/m 2 ) are displayed as a 25-th portion 
(79 = 39 + 40 B cd/m 2 ). Furthermore, the 21-th portion 
(38 X B cd/m 2 ) is added to the 22-th portion (40 X.B cd/ 
m 2 ). Thereby, the 21-th portion (38 xB cd/m 2 ) and the 

05 22-th portion (40 x B cd/m 2 ) are displayed as a 26-th 
portion (78 = 38 + 40 B cd/m 2 ). 

As a result, in the case that the 127-th gray scale 
and the 128-th gray scale are alternately and repeated 
displayed everyone field, the 25-th, the 20-th, the 26-th, 

40 and the 23-th portions are displayed in that order. 

On the other hand, in FIG. 1 8, the 1 29-th gray scale 
(128 x B cd/m 2 ) is divided and displayed into the 15-th 
and the 16-th portions (1/2 x 128 x Bcd/m 2 ). This con- 
dition is equivalent to the condition wherein a field period 

^5 js shortened to 1/2 of 1/60 second. Furthermore, the 
128-th gray scale (127 x B cd/m 2 ) is divided and dis- 
played into the 22-th portion (40 X B cd/m 2 ), the 23-th 
portion (48 x B cd/m 2 ), and the 24-th portion (39 x B 
cd/m 2 ) This condition is equivalent to the condition 

50 wherein a field period is shortened to 1/3 of 1/60 second. 

As a result, time interval in which the luminance 
changes is shortened. The change of luminance ap- 
pears to be averaged on the display screen, since the 
human eyes have slow response speed. Thereby, ac- 

55 curate gray scale expression can be attained without 
causing flicker noise. 

This accurate gray scale expression without the 
flicker noise can be attained because of the following 
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configurational reasons. The sub-field Sub8 having the 
highest luminance value is divided into two parts-of the 
sub-fields Sub8a and the Sub8b. Furthermore, the sub- 
field Sub7 having the second highest luminance value 
is divided into two parts of the sub-fields Sub7a and the 5 
Sub7b. Moreover, the sub-field Sub6 having the third 
highest luminance value is divided into two parts of the 
sub-fields Sub6a and the Sub6b. In addition, these parts 
of the sub-fields Sub8a, Sub8b, Sub7a, Sub7b, Sub6a, 
and Sub6b are separately disposed in the center part of 10 
the field period. Thereby, the displays of the sub-fields 
are nearly evenly dispersed in continuous fields. 

In this third embodiment, a driving circuit for forming 
the field shown in FIG. 14 is the same of the first em- 
bodiment shown in FIG. 6. As shown in FIG. 1 9 there is '5 
difference from the first embodiment shown in FIG. 7 
that the sub-fields Sub6 t Sub7 and Sub8 are divided into 
sub-fields Sub6a and Sub6b, Sub7a and Sub7b, and 
Sub8a and Sub8b, respectively. 

In the above explanation of the third embodiment 20 
wherein the AC-type PDP is taken as an example, the 
sub-fields Sub8 having the highest luminance value is 
divided into two parts of the sub-fields Sub8a and the 
Sub8b. Furthermore, the sub-field Sub7 having the sec- 
ond highest luminance value is divided into two parts of 25 
the sub-fields Sub7a and the Sub7b. Moreover, the sub- 
field Sub6 having the third highest luminance value is 
divided into two parts of the sub-fields Sub6a and the 
Sub6b. In addition, the eleven sub-fields of the Sub4, 
Sub5, Sub6a, Sub8a, Sub7a, Sub6b, Sub8b, Sub7b, 30 
Sub1 , Sub2, and Sub3 are disposed in the order in the 
field period of 1/60 second. However, the configuration 
of the field period can be applied to other display device. 
That is, in the case of the display device having only one 
emission displaying period corresponded to the sustain- 35 
ing period, the same effect can be obtained by dividing 
the above-mentioned arrangement of the eleven sub- 
fields. 

Furthermore, in the above-mentioned embodiment, 
the luminance values of the sub-fields Sub6a and Sub6b 40 
are set at the same value of (1/2) x 2 5 x B (cd/m 2 ). 
However, it is not always necessary to equally divide the 
respective luminance values of .the Sub6. In other 
words, it is only required that the total of the luminance 
values of the sub-fields Sub6a and Sub6b is 2 s X B (cd/ 4$ 
m 2 ). 

Moreover, in the third embodiment, the sub-fields 
Sub6, Sub7 and Sub8 are each divided into two sub- 
fields of the Sub6a, the Sub6b, the Sub7a, the Sub7b, 
and the Sub8a, the Sub8b respectively. However, one so 
or both of the sub-fields Sub6, Sub7 and Sub8 can be 
divided into three or more sub-field parts. 

<Embodiment 4> 

55 

FIG. 20 is an explanatory view showing an arrange- 
ment of plural sub-fields in a display device driving for 
a gray scale expression in a fourth embodiment of the 



present invention. 

In a fourth embodiment, the sub-field Sub8 in the 
conventional embodiment shown in FIG. 34 is divided 
into sub-fields Sub8a and Sub8b, and the sub-field Sub7 
shown in FIG. 34 is also divided into sub-fields Sub7a 
and Sub7b. Furthermore, the sub-field Sub6 in the con- 
ventional embodiment shown in FIG. 34 is divided into 
sub-fields Sub6a and Sub6b, and the sub-field Sub5 
shown in FIG. 34 is also divided into sub-fields SubSa 
and Sub5b. These sub-fields of the SubSa, Sub7a, 
Sub8a, Sub6a, SubSb, Sub7b, Sub8b, and Sub6b are 
disposed in the order at the center part of the field peri- 
od. In addition, twelve sub-fields of the Sub4, SubSa, 
Sub7a, Sub8a, Sub6a, SubSb, Sub7b, Sub8b, Sub6b, 
Sub1 , Sub2, and Sub3 are disposed in the order in the 
field period of 1/60 second as a whole. 

FIG. 21 is a table showing a relation between lumi- 
nance and the twelve sub-fields of FIG. 20. 

In FIG. 21, each of the sustaining period is set in 
the twelve sub-fields Sub4, SubSa, .... Sub3 so that their 
display screens have luminance values obtained by 
multiplying the values shown in the luminance column 
of FIG. 21 by the unit luminance B (cd/m 2 ). The lumi- 
nance values of the sub-fields SubSa and SubSb are 
each set at (1/2) x 2 4 x B, and the total of the luminance 
values is 2 4 x B. The luminance values of the sub-fields 
Sub6a and Sub6b are each set at (1/2) x 2 5 x B, and 
the total of the luminance values is 2 5 X B. The lumi- 
nance values of the sub-fields Sub7a and Sub7b are 
each set at (1/2) x 2 6 x B, and the total of the luminance 
values is 2 6 X B. In addition, the luminance values of 
the sub-fields Sub8a and Sub8b are each set at (1/2) x 
2 7 x B, and the total of the luminance values is 2 7 x B. 

With this arrangement of the twelve sub-fields, the 
emission display of the AC-type PDP is performed by 
controlling the sub-fields. More specifically, as shown in 
the table of FIG. 22, the AC-type PDP can have the 256 
gray scale expression ranging from the first gray scale 
to the 256-lh gray scale by combining the ON and OFF 
states of the twelve sub-fields Sub4, SubSa, Sub7a, 
Sub8a, Sub6a, SubSb, Sub7b, Sub8b, Sub6b, Sub1, 
Sub2, and Sub3. The sub-fields SubSa and SubSb per- 
form the same display operations so as to display the 
same content. The sub-fields Sub6a and Sub6b perform 
the same display operations so as to display the same 
content. The sub-fields Sub7a and Sub7b perform the 
same display operations so as to display the same con- 
tent. Furthermore, the sub-fields Sub8a and Sub8balso 
perform the same display operations so as to display 
the same content. In FIG. 22, the luminance values of 
the twelve sub-fields Sub1, Sub2, .... SubSa, SubSb, 
Sub6a, Sub6b, Sub7a, Sub7b, Sub8a, and Sub8b are 
set at 2° x B, 2 1 X B, .... 1/2 x 2 4 x B, 1/2 x 2 4 x B, 
1/2 X 2 5 X B, 1/2 X 2 s X B, 1/2 X 2 6 X B, 1/2 X 2 6 X 
B, 1/2 x 2 7 x B, and 1/2 X 2 7 B (cd/m 2 ), respectively. 

The following description offers an explanation of 
the gray scale expression in the continuous fields using 
in the actual image display of TV or the like. 
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FIG. 23 and FIG. 24 are diagrams showing a timing 
of the displays when the image display are continuously 
performed by the driving method of the third embodi- 
ment so that luminance of the display screen changes 
by only one gray scale every one field. FIG. 23 is a dia- $ 
gram showing a timing of the display when the 128-th 
gray scale (127 X B cd/m 2 ) and the 127-th gray scale 
(126 x B cd/m 2 ) are alternately and repeatedly dis- 
played every one field in the fourth embodiment of the 
present invention. FIG. 24 is a diagram showing a timing 10 
of the display when the 129-th gray scale (128 x B cd/ 
m 2 ) and the 128-th gray scale (127 x B cd/m 2 ) are al- 
ternately and repeatedly displayed every one field in the 
fourth embodiment of the present invention. 

As shown in FIG. 23, the 127-th gray scale (126 X is 
B cd/m 2 ) is divided and displayed into a 27-th portion 
(48 x B cd/m 2 in total) disposed at the front end part of 
the field, a 28-th portion (56 x B cd/m 2 ) disposed at the 
center part of the field, and a 29-th portion (22 x B cd/ 
m 2 in total) disposed at the rear end part of the field. As ?o 
shown in FIG. 23 and FIG. 24, the 128-th gray scale (1 27 
x B cd/m 2 ) is divided and displayed into a 30-th portion 
(48 x B cd/m 2 in total) disposed at the front end part of 
the field, a 31 -th portion (56 x B cd/m 2 ) disposed at the 
center part of the field, and a 32-th portion (23 x B cd/ 25 
m 2 in total) disposed at the rear end part of the field. As 
shown in FIG. 24, the 129-th gray scale (128 x B cd/ 
m 2 ) is divided and displayed into the 15-th portion (1/2 
x 128 x B cd/m 2 ), and the 16-th portion (1/2 x 128 x 
B cd/m 2 ). 30 

In FIG. 23, when the 1 27-th gray scale (1 26 x B cd/ 
m 2 ) and the 128-th gray scale (127 X B cd/m 2 ) are al- 
ternately and repeatedly displayed every one field (1/60 
second) in the continuous fields, the 32-th portion (23 x 
B cd/m 2 ) is added to the 27-th portion (48 x B cd/m 2 ). 35 
Thereby, the 32-th portion (23 x B cd/m 2 ) and the 27-th 
portion (48 x B cd/m 2 ) are displayed as a 33-th portion 
(71 = 23 + 48 B cd/m 2 ). Furthermore, the 29-th portion 
(22 x B cd/m 2 ) is added to the 30-th portion (48 x B cd/ 
m 2 ). Thereby, the 29-th portion (22 X B cd/m 2 ) and the 40 
30-th portion (48 x B cd/m 2 ) are displayed as a 34-th 
portion (70 = 22 + 48 B cd/m 2 ). 

As a result, in the case that the 127-th gray scale 
and the 128-th gray scale are alternately and repeated 
displayed every one field, the 32-th, the 29-th, the 34-th, J$ 
and the 31-th portions are displayed in that order. 

On the other hand, in FIG. 24, the 1 29-th gray scale 
(128 X B cd/m 2 ) is divided and displayed into the 15-th 
and the 16-th portions (1/2 X 128 X Bcd/m 2 ). This con- 
dition is equivalent to the condition wherein a field period so 
is shortened to 1/2 of 1/60 second. Furthermore, the 
128-th gray scale (127 x B cd/m 2 ) is divided and dis- 
played into the 30-th portion (48 X B cd/m 2 ), the 31 -th 
portion (56 x B cd/m 2 ), and the 32-th portion (23 X B 
cd/m 2 ). This condition is equivalent to the condition ss 
wherein, a field period is shortened to 1/3 of 1/60 sec- 
ond. 

As a result, time interval in which the luminance 
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changes is shortened. The change of luminance ap- 
pears to be averaged on the display screen, since the 
human eyes have slow response speed. Thereby, ac- 
curate gray scale expression can be attained without 
causing flicker noise. 

This accurate gray scale expression without the ^ 
flicker noise can be attained because of the following 
configurational reasons. The sub-field Sub8 having the 
highest luminance value is divided into two parts of the 
sub-fields Sub8a and the Sub8b, and the sub-field Sub7 v 
having the second highest luminance value is divided 
into two parts of the sub-fields Sub7a and the Sub7b. 
Furthermore, the sub-field Sub6 having the third highest 
luminance value is divided into two parts of the sub- 
fields Sub6a and the Sub6b, and the sub-field Sub5 hav- 
ing the fourth highest luminance value is divided into two 
parts of the sub-fields SubSa and the SubSb. In addition, 
these parts of the sub-fields SubSa, Sub7a, Sub8a, 
Sub6a, Sub5b, Sub7b, Sub8b, and Sub6b are disposed 
in the order in the center part of the field period. Thereby, 
the displays of the sub-fields are nearly evenly dis- 
persed in continuous fields. 

In this fourth embodiment, a driving circuit for form- 
ing the field shown in FIG. 20 is the same of the first 
embodiment shown in FIG. 6. As shown in FIG. 25 there 
is difference from the first embodiment shown in FIG. 7 
that the sub-fields Sub5, Sub6, Sub7 and Sub8 are di- 
vided into sub-fields SubSa and Sub5b, Sub6a.and 
Sub6b, Sub7a and Sub7b, and Sub8a and Sub8b; re- 
spectively. 

In the above explanation of the fourth embodiment 
wherein the AC-type PDP is taken as an example, the 
sub-fields Sub8 having the highest luminance value is 
divided into two parts of the sub-fields Sub8a and the 
Sub8b. Furthermore, the sub-field Sub7 having the sec- 
ond highest luminance value is divided into two parts of 
the sub-fields Sub7a and the Sub7b. Moreover, the sub- 
field Sub6 having the third highest luminance value is 
divided into two parts of the sub-fields Sub6a and the 
Sub6b, and the sub-field Sub5 having the fourth highest 
luminance value is divided into two parts of the sub- 
fields Sub5a and the SubSb. In addition, the twelve sub- 
fields of the Sub4, SubSa, Sub7a, Sub8a, Sub6a, 
SubSb, Sub7b, Sub8b, Sub6b, Sub1, Sub2, and Sub3 
are disposed in the order in the field period of 1/60 sec- 
ond. However, the configuration of the field period can 
be applied to other display device. That is, in the case 
of the display device having only one emission display- 
ing period corresponded to the sustaining period, the 
same effect can be obtained by dividing the above-men- 
tioned arrangement of the twelve sub-fields. 

Furthermore, in the above-mentioned embodiment, 
the luminance values of the sub-fields SubSa and SubSb 
are set at the same value of (1/2) X 2 4 x B (cd/m 2 ). 
However, it is not always necessary to equally divide the 
respective luminance values of the SubS. In other 
words, it is only required that the total of the luminance 
values of the sub-fields SubSa and SubSb is 2* x B (cd/ 
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m 2 ). 

Moreover, in the fourth embodiment, the sub-fields 
Sub5, Sub6, Sub7 and Sub8 are each divided into two 
sub-fields of the SubSa, the SubSb, the Sub6a, the 
Sub6b, the Sub7a r the Sub7b, and the Sub8a, the 
Sub8b respectively. However, one or both of the sub- 
fields Sub5, Sub6, Sub7 and Sub8 can be divided into 
three or more sub-field parts. 

<Embodiment 5> 

FIG. 26 is an explanatory view showing an arrange- 
ment of plural sub-fields in a display device driving for 
a gray scale expression in a fifth embodiment of the 
present invention. 

In a fifth embodiment, the sub-field Sub8 in the con- 
ventional embodiment shown in FIG. 34 is divided into 
sub-fields Sub8a and Sub8b, and the sub-field Sub7 
shown in FIG. 34 is also divided into sub-fields Sub7a 
and Sub7b. Furthermore, the sub-field Sub6 in the con- 
ventional embodiment shown in FIG. 34 is divided into 
sub-fields Sub6a and Sub6b, and the sub-field Sub5 
shown in FIG. 34 is also divided into sub-fields SubSa 
and SubSb. In this fifth embodiment, these sub-fields of 
the SubSa, Sub6a, Sub7a, and Sub8a are disposed at 
the front end part of the field in the order, and these sub- 
fields of the SubSb, Sub6b, Sub7b, and Sub8b are dis- 
posed at the rear end part of the field in the order. In 
addition, twelve sub-fields of the Sub5a, Sub6a, Sub7a, 
Sub8a, Sub1, Sub2, Sub3, Sub4, SubSb, Sub6b, 
Sub7b, and Sub8b are disposed in the order in the field 
period of 1/60 second as a whole. 

FIG. 27 is a table showing a relation between lumi- 
nance and the twelve sub-fields of FIG. 26. 

In FIG. 26, each of the sustaining period is set in 
the twelve sub-fields SubSa, Sub6a, Sub8b so that 
their display screens have luminance values obtained 
by multiplying the values shown in the luminance col- 
umn of FIG. 27 by the unit luminance B (cd/m 2 ). The 
luminance values of the sub-fields SubSa and Sub5b 
are each set at (1/2) x 2 4 x B, and the total of the lu- 
minance values is 2 4 x B. The luminance values of the 
sub-fields Sub6a and Sub6b are each set at (1/2) x 2 5 
x B, and the total of the luminance values is 2 5 x B. 
The luminance values of the sub-fields Sub7a and 
Sub7b are each set at (1/2) x 2 6 x B, and the total of 
the luminance values is 2 6 x B. In addition, the lumi- 
nance values of the sub-fields Sub8a and Sub8b are 
each set at (1/2) x 2 7 x B, and the total of the luminance 
values is 2 7 X B. 

With this arrangement of the twelve sub-fields, the 
emission display of the AC-type PDP is performed by 
controlling the sub-fields. More specifically, as shown in 
the table of FIG. 28, the AC-type PDP can have the 256 
gray scale expression ranging from the first gray scale 
to the 256-th gray scale by combining the ON and OFF 
states of the twelve sub-fields SubSa, Sub6a, Sub7a, 
Sub8a, Sub1, Sub2, Sub3, Sub4, SubSb, Sub6b, 



Sub7b, and Sub8b. The sub-fields SubSa and SubSb 
perform the same display operations so as to display 
the same content. The sub-fields Sub6a and Sub6b per- 
form the same display operations so as to display the 
5 same content. The sub-fields Sub7a and Sub7b perform 
the same display operations so as to display the same 
content. Furthermore, the sub-fields Sub8a and Sub8b 
also perform the same display operations so as to dis- 
play the same content. In FIG. 28, the luminance values 

10 of the twelve sub-fields Sub1 , Sub2, SubSa, SubSb, 
Sub6a, Sub6b, Sub7a, Sub7b, Sub8a, and Sub8b are 
set at 2° X B, 2 1 X B, .... 1/2 X 2 4 X B, 1/2 X 2 4 x B, 
1/2 X 2 s x B, 1/2 x 2 s x B, 1/2 x 2 6 x B, 1/2 x 2 6 x 
B, 1/2 X 2 7 x B, and 1/2 x 2 7 B (cd/m 2 ), respectively. 

is The following description offers an explanation of 

the gray scale expression in the continuous fields using 
in the actual image display of TV or the like. 

FIG. 29 and FIG. 30 are diagrams showing a timing 
of the displays when the image display are continuously 

20 performed by the driving method of the third embodi- 
ment so that luminance of the display screen changes 
by only one gray scale every one field. FIG. 29 is a dia- 
gram showing a timing of the display when the 128-th 
gray scale (127 x B cd/m 2 ) and the 127-th gray scale 

25 (126 x B cd/m 2 ) are alternately and-repeatedly dis- 
played every one field in the fifth embodiment of the 
present invention. FIG. 30 is a diagram showing a timing 
of the display when the 129-th gray scale (128 x Bed/ 
m 2 ) and the 128-th gray scale (127 x B cd/m 2 ) are al- 

30 ternately and repeatedly displayed every one field in the 
fifth embodiment of the present invention. 

As shown in FIG. 29, the 127-th grayscale (126 x 
B cd/m 2 ) is divided and displayed into a 35-th portion 
(56 x B cd/m 2 in total) and a 36-th portion (70 x B cd/ 

35 m 2 in total). As shown in FIG. 29 and FIG 30, the 1 28-th 
gray scale (1 27 x B cd/m 2 ) is divided and displayed into 
the 35-th portion (56 X B cd/m 2 in total), and a 37-th 
portion (71 x B cd/m 2 in total). As shown in FIG. 30, the 
129-th gray scale (128 X B cd/m 2 ) is divided and dis- 

io played into the 1 5-th portion (1/2 X 128 x B cd/m 2 ), and 
the 16-th portion (1/2 X 128 x B cd/m 2 ). 

In FIG. 29, the 127-th gray scale (126 X B cd/m 2 ) 
is divided and displayed into the 35-th portion (56 X B 
cd/m 2 ) and the 36-th portion (70 x B cd/m 2 ). This con- 

^5 dition is equivalent to the condition wherein a field period 
is shortened to 1/2 of 1/60 second. Furthermore, in FIG. 
29, the 1 28-th gray scale ( 1 27 x B cd/m 2 ) is divided and 
displayed into the 35-th portion (56 x B cd/m 2 ), and the 
37-th portion (71 x B cd/m 2 ). This condition is equiva- 

so lent to the condition wherein a field period is shortened 
to 1/2 of 1/60 second. 

On the other hand, in FIG. 30, when the 128-th gray 
scale (127 x B cd/m 2 ) and the 129-th gray scale (128 
x B cd/m 2 ) are alternately and repeatedly displayed 

55 every one field (1/60 second) in the continuous fields, 
the 16-th portion (1/2 X 128x B cd/m 2 ) is added to the 
35-th portion (56 X B cd/m 2 ). Thereby, the 16-th portion 
(1 /2 x 1 28 X B cd/m 2 ) and the 35-th portion (56 x B cd/ 
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m 2 ) are displayed as a 38-th portion (120 = 64 + 56 x 
B cd/m 2 ). 

As a result, in the case that the 128-th gray scale 
(127 x Bcd/m 2 ) and the 129-th gray scale (128 x Bed/ 
m 2 ) are alternately and repeatedly displayed every one s 
field, the 1 5-th, the 38-th, and the 37-th portions are dis- 
played in that order- 
Thus, time interval in which the luminance changes 
is shortened. The change of luminance appears to be 
averaged on the display screen, since the human eyes 10 
have slow response speed. Thereby, accurate gray 
scale expression can be attained without causing flicker 
noise. 

Furthermore, in this fifth embodiment, there are re- 
markable effects in comparison with the second conven- is 
tional display device driving shown by FIG. 39. For ex- 
ample, when the 1 28-th gray scale (1 27 x B cd/m 2 ) and 
the 129-th gray scale (128 x B cd/m 2 ) are alternately 
and repeatedly displayed every one field, the change of 
luminance appears to be decreased in order of 120 x 20 
B, 71 X B, and 64 X B every two fields (1/30 second). 
In addition, in the case that continuous two emission dis- 
plays are considered, the change of luminance appears 
to be increased in order of 135 (71 + 64) x B, 184 (64 
+ 120) x B, and 191 (120 + 71) x B every two fields 25 
(1/30 second). As a result, emission display appears to 
be mixed the decreasing change of luminance and the 
increasing change of luminance, since the human eyes 
have slow response speed. Thereby, the change of lu- 
minance appears to be further averaged on the display 30 
screen. 

On the other hand, in the second conventional dis- 
play device driving, when the 128-th gray scale (127 x 
B cd/m 2 ) and the 1 29-th gray scale ( 1 28 x B cd/m 2 ) are 
alternately and repeatedly displayed every one field, lu- 35 
minance changes in order of 96 x B, 95 x B, and 64 X 
B every two fields (1/30 second). In addition, in the case 
that continuous two emission displays are considered, 
luminance changes in order of 191 (96 + 95) x B, 159 
(95 + 64) X B, and 160 (64 + 96) X B every two fields *o 
(1/30 second). As a result, it is impossible that the 
change of luminance appears to be averaged on the dis- 
play screen. 

This accurate gray scale expression without the 
flicker noise can be attained because of the following 
configurational reasons. The sub-field Sub8 having the 
highest luminance value is divided into two parts of the 
sub-fields Sub8a and the Sub8b, and the sub-field Sub7 
having the second highest luminance value is divided 
into two parts of the sub-fields Sub7a and the Sub7b. so 
Furthermore, the sub-field Sub6 having the third highest 
luminance value is divided into two parts of the sub- 
fields Sub6a and the Sub6b, and the sub-field Sub5 hav- 
ing the fourth highest luminance value is divided into two 
parts of the sub-fields SubSa and the Sub5b. In addition, ss 
the twelve sub-fields of the Sub5a, Sub6a, Sub7a, 
Sub8a, Sub1, Sub2, Sub3, Sub4, SubSb, Sub6b, 
Sub7b, and Sub8b are disposed in the order in the field 
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period of 1/60 second. 

Furthermore, in the fifth embodiment, the sub-fields 
of the Sub1 , Sub2, Sub3, and Sub4 are disposed in the 
center part of the field period. Thereby, in the case that 
the gray scale expression is performed with lower lumi- 
nance value for display of skin, accurate gray scale ex- 
pression can be attained without causing flicker noise. 

In this fifth embodiment, a driving circuit for forming 
the field shown in FIG. 26 is the same of the first em- 
bodiment shown in FIG. 6. As shown in FIG. 31 there is 
difference from the first embodiment shown in FIG. 7 
that the sub-fields Sub5, Sub6, Sub7 and Sub8 are di- 
vided into sub-fields Sub5a and SubSb, Sub6a and 
Sub6b, Sub7a and Sub7b, and Sub8a and Sub8b, re- 
spectively. 

In the above explanation of the fifth embodiment 
wherein the AC-type PDP is taken as an example, the 
sub-fields Sub8 having the highest luminance value is 
divided into two parts of the sub-fields Sub8a and the 
Sub8b. Furthermore, the sub-field Sub7 having the sec- 
ond highest luminance value is divided into two parts of 
the sub-fields Sub7a and the Sub7b. Moreover, the sub- 
field Sub6 having the third highest luminance value is 
divided into two parts of the sub-fields Sub6a and the 
Sub6b, and the sub-field Sub5 having the fourth highest 
luminance value is divided into two parts of. the sub- 
fields Sub5a and the SubSb. In addition, the twelve sub- 
fields of the SubSa, Sub6a, Sub7a, Sub8a, Sub1 , Sub2, 
Sub3, Sub4, Sub5b, Sub6b, Sub7b, and Sub8b are dis- 
posed in the order in the field period of 1/60 second. 
However, the configuration of the field period can be ap- 
plied to other display device. That is, in the case of the 
display device having only one emission displaying pe- 
riod corresponded to the sustaining period, the same ef- 
fect can be obtained by dividing the above-mentioned 
arrangement of the twelve sub-fields. 

Furthermore, in the above-mentioned embodiment, 
the luminance values of the sub-fields Sub5a and SubSb 
are set at the same value of (1/2) x 24 x B (cd/m 2 ). 
However, it is not always necessary to equally divide the 
respective luminance values of the SubS. In other 
words, it is only required that the total of the luminance 
values of the sub-fields SubSa and Sub5b is 2 4 x B (cd/ 
m 2 ). 

Moreover, in the fifth embodiment, the sub-fields 
Sub5, Sub6, Sub7 and Sub8 are each divided into two 
sub-fields of the SubSa, the SubSb, the Sub6a, the 
Sub6b, the Sub7a, the Sub7b, and the Sub8a, the 
Sub8b respectively. However, one or both of the sub- 
fields SubS, Sub6, Sub7 and Sub8 can be divided into 
three or more sub-field parts. 

Although the above-mentioned embodiments are 
explained by taking the AC-type PDP as an example, it 
is needless to say that the driving method for the gray 
scale expression in the display device in accordance 
with the present invention is also applicable to various 
display devices such as DC-type PDP, LCD and EL. 

Although the present invention has been described 
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30 



in terms of the presently preferred embodiments, it is 
understood that such disclosure is not to be interpreted 
as limiting. Various alterations and modifications will no 
doubt become apparent to those skilled in the art to 
which the present invention pertains, after having read s 
the above disclosure. Accordingly, it is intended that the 
appended claims be interpreted as covering all altera- 
tions and modifications as fall within the true sprit and 
scope of the invention. 

For avoidance of doubt, the term "gray scale" used io 
in this specification is not limited to monochromatic dis- 
play applications. The term is intended to refer to a lu- 
minance scale for any of one or more display colours. 

15 

Claims 

1 . A process for driving a display device to produce a 
gray scale output by selectively performing, in one 
field period, displays of plural sub-fields each rep- 20 
resenting a different luminance value, comprising 

the steps of: 

dividing into a plurality of respective sub-field 
parts one or more sub-fields corresponding to 25 
the highest luminance value, or highest lumi- 
nance values in descending order, into a plu- 
rality of respective sub-field parts; and 
disposing said plurality of sub-field parts sepa- 
rately in said field period. 30 

2. A process according to claim 1, wherein said plu- 
rality of sub-field parts are disposed in the centre 
portion of said field period. 

35 

3. A process according to claim 1 , wherein said step 
of dividing comprises: 

dividing said sub-field having the highest lumi- 
nance value among said plural sub-fields into 40 
first sub-field parts, 

dividing said sub-field having the second high- 
est luminance value among. said plural sub- 
fields into second sub-field parts, and 
disposing said sub-fields parts and said second 45 
sub-field parts in the centre portion of said field 
period so that each part of said first sub-field 
parts and each part of said second sub-field 
parts are alternately disposed. 

50 

4. A process according to claim 1 , wherein said step 
of dividing comprises: 

dividing said sub-field having the highest lumi- 
nance value among said plural sub-fields into 55 
first sub-field parts, 

dividing said sub-field having the second high- 
est luminance value among said plural sub- 



fields into second sub-field parts, 
dividing said sub-field having the third highest 
luminance value among said plural sub-fields 
into third sub-field parts, and 
disposing said first sub-field parts, said second 
sub-field parts, and said third sub-field parts in 
the centre portion of said field period so that 
each part of said first sub-field parts, each part 
of said second sub-field parts, and each part of 
said third sub-field parts are continuously dis- 
posed. 

A process according to claim 1 , wherein said step 
of dividing comprises: 

dividing said sub-field having the highest lumi- 
nance value among said plural sub-fields into 
first sub-field parts, 

dividing said sub-field having the second high- 
est luminance value among said plural sub- 
fields into second sub-fields parts, 
dividing said sub-field having the third highest 
luminance value among said plural sub-fields 
into third sub-field parts, and 
dividing said sub-field having the fourth highest 
luminance value among said plural sub-fields 
into fourth sub-field parts, and 
disposing said first sub-field parts, said second 
sub-field parts, said third sub-field parts, and 
said fourth sub-field parts in the centre portion 
of said field period so that each part of said first 
sub-field parts, each part of said second sub- 
field parts, each part of said third sub-field 
parts, each part of said fourth sub-field parts 
are continuously disposed. 

A process according to claim 1 or 2, wherein said 
plurality of sub-field parts are disposed discontinu- 
ous^ with each other in said field period. 

A process according to claim 1, wherein said plu- 
rality of sub-field parts are disposed in both end por- 
tions of said field period, and sub-fields, which are 
not divided into said plurality of sub-field parts, are 
disposed in the centre portion of said field period. 

A driving circuit for producing a gray scale output in 
a display device having a matrix-shaped electrode 
structure, comprising: 

data writing means for generating writing dis- 
charge at required matrix positions, 
a sub-field control circuit for issuing sub-field 
signals for specifying one of plural sub-fields, 
sustaining discharge means for generating 
sustaining discharge at said required matrix po- 
sitions in accordance with said sub-field sig- 
nals, and 
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erasing discharge means for generating eras- 
ing charge at said required matrix positions in 
accordance with said sub-field signals, 
wherein said sub-field control circuit is operable 
to output one or more sub-field signals corre- s 
sponding to the highest luminance value or 
highest luminance values, as a plurality of dis- 
continuous sub-field part signals at different 
times during the field period, and 
wherein said sustaining means is operable to 10 
output a respective sustaining pulse for each 
sub field or sub-field part. 

9. Apparatus for generating a signal for producing a 
variable luminance display effect in a display de- 15 
vice, the apparatus being operable to generate the 
signal as a sequence of fields each corresponding 

to a desired output luminance value in quantised 
form, each field comprising a sequence of sub- 
fields representing quanta of luminance, at least the 20 
maximum quantum being represented by a plurality 
of non-adjacent sub-fields. 

10. A signal for driving a display device to produce a 
variable luminance display effect, the signal format 25 
comprising a sequence of fields each correspond- 
ing to a desired output luminance value in quantised 
form, each field comprising a sequence of sub- 
fields representing quanta of luminance, at least the 
maximum quantum being represented by a plurality 30 
of non-adjacent sub-fields. 
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FIG. 32 (Prior Art) 
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FIG. 33 (Prior Art) 
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